mines flow obstruction and poor outcome in AS, while plaque instability is linked to outcome in atherosclerosis. Therefore, statin therapy that lowers the content of lipids and favours plaque fibrosis and stabilization is expected to influence positively outcomes in atherosclerosis, but may not affect outcome in AS with ongoing valve calcification. Positron emission tomography combined with computed tomography (PET/CT) studies using 18 F fluorodeoxyglucose and 18F-sodium fluoride as tracers have suggested that calcification is the predominant pathogenic process in AS and may be a more suitable target for future therapies aiming to limit AS progression. 2 No randomized studies testing agents that may influence bone formation pathways are currently available.
The rate of progression from asymptomatic to symptomatic, the occurrence of adverse events, and the need for aortic valve replacement are influenced not only by the severity of valve obstruction but also by the degree of left ventricular (LV) structural/functional changes in response to chronically increased afterload (i.e. LV remodelling, hypertrophy, myocardial fibrosis, decreased longitudinal function). 3 -5 Hence, the quest of finding treatment strategies that may positively influence outcomes in AS may be extended to treatment strategies designed to preserve myocardial geometry and function.
In patients with heart failure and systemic hypertension, angiotensinconverting enzyme inhibitors (ACEis) can regress LV hypertrophy and myocardial fibrosis, irrespective of their blood pressure-lowering effects, particularly through decreased angiotensin II (ATII) levels. 6 In AS, evolving changes in LV structure are dynamically involved into the progression from compensatory hypertrophy to LV dysfunction and heart failure. Myocyte apoptosis and fibrosis play an important role in this transition. Hence, ACEi, by influencing extracellular matrix content, including the collagen network, could hypothetically revert the LV remodelling process. Recently, a decrease in LV endsystolic volume and brain natriuretic peptide (BNP) was reported in AS patients randomized to ACEis vs. placebo. An ACEi-mediated LV unloading effect with a decrease in systemic vascular resistance and subsequent benefits to the aortic valve and LV function were suggested as potential mechanistic effects. 7 Although this study included a small number of patients (n ¼ 44) and was limited by a short-term follow-up, it confirmed and extended previous retrospective data. 8 In an animal mice model, administration of ATII resulted in a significant thickening of the aortic valve leaflets, suggesting that ATII may also play a direct role in leaflet fibrosis. 9 Moreover, in histological studies on human stenotic explanted valves, both ATII and ACE were expressed, supporting their role in valve remodelling in humans. 10 Interestingly, chymase, another enzyme that produces ATII, but not influenced by ACEi, is also expressed in stenotic aortic valves. 11 This might partially explain discordant effects of angiotensin receptor blockers (ARB) and ACEi on AS progression. 10, 12, 13 In fact, ACEi might not be able to influence the chymase produced ATII in the aortic valve leaflets. 12, 13 In this issue of the journal, Bull et al. 14 examined, in a randomized placebo controlled study (RIAS study), the impact of ramipril, an ACEi, on the degree of LV hypertrophy, the change in LV systolic function, the regression of myocardial fibrosis, and the haemodynamic
The opinions expressed in this article are not necessarily those of the Editors of EHJCI, the European Heart Rhythm Association or the European Society of Cardiology.
progression of AS. A total of 100 patients with moderate to severe AS were randomly assigned to ramipril (2.5 -10 mg ad) vs. placebo. Assessments of myocardial strain (by the tagging technique), the level of fibrosis (diffuse and replacement), and the myocardial perfusion reserve were performed by cardiac magnetic resonance (CMR) at 6-and 12-month follow-up. Haemodynamic progression of AS was assessed by both CMR and transthoracic echocardiography. Exercise tolerance was evaluated by an exercise treadmill test. The results showed a progressive (change over the year) significant reduction in LV mass (primary end point) as assessed by CMR. The secondary end points (changes in parameters of LV physiology, aortic valve area by CMR, BNP levels or exercise tolerance) were not statistically significant between groups. First merit of this study is to confirm that ACEis are well tolerated and can be safely used in AS. Fears to the use of ACEi in patients with significant AS, theoretical danger of myocardial hypoperfusion and syncope caused by afterload reduction, have been typically associated with underuse of these drugs. ACEi can thus be prescribed with very few risks in AS.
Second, this study showed that ramipril had the potential to reduce LV mass at 1-year follow-up, irrespective of its blood pressurelowering result. This effect was surprisingly independent of any significant change in myocardial fibrosis severity. The ramipril group also showed a trend towards a slower progression of AS, as assessed by CMR planimetered aortic valve area. Nonetheless, the lack of any statistically significant difference regarding haemodynamic progression of AS between groups might be related to the use of an ACEi with little effects on the aortic valve leaflets metabolic activity, the methodology used to assess subtle changes in valve stenotic status, limited follow-up period, or underpowered sample size.
Third, the RIAS study was not designed to evaluate the effects of ramipril on outcome. It concerned a small number of patients followed up over 1 year. A larger trial is thus required to determine whether the observed physiological changes (i.e. LV hypertrophy regression) are confirmed and might translate into improved clinical outcomes. In such a larger randomized trial, the evaluation of new biomarkers of extracellular matrix turnover, the use of imaging modalities targeting aortic valve metabolic activity (inflammation, lipid accumulation) (PET/CT), and a direct comparison ACEi/ARB might strengthen the added value of medical treatment in AS. The ongoing ROCK-AS trial (NCT00699452) using candesartan (ARB) vs. placebo in AS will only partially address this appeal.
In conclusion, the use of ACEi in AS might modulate the complex interplay between the LV, the valve, and the systemic vascular system (Figure 1) . However, although the data of the RIAS study are promising, routine use of ACEis in patients with asymptomatic AS cannot be systematically recommended at this time.
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